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ABSTRACT 14 
Based on emission factors derived from the AP-42 algorithm, particulate matter from 15 
paved roads has been estimated to be a major source of PM10 of geologic origin. This is 16 
an empirical formula based on upwind-downwind measurement of PM10 concentrations 17 
and is dependent solely on the silt loading of the pavement and the weight of vehicles. A 18 
number of upwind-downwind studies conducted in urban areas to validate this algorithm 19 
have been generally inconclusive because the PM10 concentration difference between 20 
upwind and downwind often is within the measurement uncertainty. In the approach 21 
presented here PM10 concentrations were measured directly behind a moving vehicle in 22 
order to improve the measurement sensitivity for estimating the emission rates for 23 
vehicles on paved roads. Optical sensors were used to measure PM10 concentrations with 24 
a time resolution of approximately ten seconds. Sensors were mounted in the front of the 25 
vehicle and behind it in the well-mixed wake. A special inlet probe was designed to allow 26 
isokinetic sampling under varying speed conditions. As a first approximation the 27 
emission rate was calculated by multiplying the PM10 concentration difference between 28 
front and rear of a moving vehicle by the frontal area of the vehicle. The results 29 
correlated well when compared to rates calculated using the measured silt loading. This 30 
technique is also useful for quickly surveying large areas and for investigating hot spots 31 
on roadways caused by greater than normal deposition of PM10-forming debris. The 32 
method is designated as SCAMPER: System for the Continuous Aerosol Measurement of 33 
Particulate Emissions from Roads. 34 
Keywords: Particulate, Paved road, Road dust, Emission factors, Fugitive dust, PM10 35 
 36 
Highlights: 37 
• Characterization of PM10 concentrations in a vehicle’s wake 38 
• PM10 measurements in a vehicle’s wake on paved roadways 39 
• Comparison of emission PM10 rates with AP-42 equation using measured silt loadings 40 
• PM10 Emission rates from a variety of roads in Las Vegas, NV 41 
 42 
I. Introduction 43 
Many areas in the United States consistently exceed both the State and Federal PM10 air 44 
quality standards. To formulate effective mitigation approaches, the sources of the PM 45 
must be accurately known. Receptor modeling has shown that PM10 of geologic origin is 46 
often a significant contributor to the concentrations in areas that are in non-attainment.1 A 47 
significant portion of this geologic material has been estimated to originate from paved 48 
roads.2,3 A number of studies have been conducted to determine the contribution of paved 49 
roads to measured concentrations of PM10.
2,4-12 These studies used upwind-downwind 50 
PM measurements to determine the net mass emission due to the roadway. 51 
 52 
Studies conducted by Cowherd and Englehart10, primarily in the Midwest using 53 
industrial roads, resulted in an empirical expression relating the PM emission rate with 54 
the silt loading of the road and the mass of the vehicles. This expression was incorporated 55 
into the EPA document AP-42 for predicting emission rates, and has been widely used all 56 
over the country to estimate the fraction of PM10 originating from roads.
9   57 
 58 




E = PM emission rate in the units shown 63 
k = A constant dependent on the aerodynamic size range of PM (0.62) for 64 
PM10) 65 
sL = Road surface silt loading of material smaller than 75m in g/m2 66 
W = mean vehicle weight in tons 67 
VKT = vehicle kilometer traveled 68 
 69 
Equation (1) is an empirical equation derived by measuring the total flux across roadways 70 
using a PM10 monitoring array and based solely on surface silt loading and vehicle 71 
weight.  72 
We previously conducted a study to measure and model the PM10 emissions from 73 
paved roads in southern California.4 Emissions were quantified by making filter-based 74 
PM10 measurement upwind and downwind of several types of paved roads. In most 75 
instances, the differences in concentrations were very close to or at the measured 76 
precision of the measurement method. This resulted in a large amount of error when 77 
calculating the emission factors from a modeling approach. Silt measurements were made 78 
concurrently for a number of the tests. There was no significant correlation between silt 79 
loading and the estimated emission rates. Silt loadings were generally lower than those 80 
suggested as defaults in AP-42. This is not unexpected since many of the roads in 81 
southern California do not have a significant source of crustal material to create 82 
emissions. The silt loadings are likely to rapidly equilibrate at a low level due to the 83 
effective “vacuuming” from the vehicle’s wake or motion of the tires. Nicholson and 84 
Branson13 observed this rapid attainment of equilibrium when particles tagged with a 85 
fluorescent dye were deposited on a road and monitored. 86 
Because emissions from a fugitive source cannot, by their nature, be measured 87 
directly as in a duct, they must be calculated from the plume characteristics. This is 88 
usually achieved by one of the following methods using measurements made upwind and 89 
downwind of the source: 90 
• By estimating the flux of material through a horizontal plane downwind of the 91 
source, or  92 
• By fitting a dispersion model to measurements of downwind concentrations and 93 
meteorological parameters. 94 
 95 
In principle, the calculation of horizontal flux can be an accurate method if the 96 
sampling density is sufficiently high, but this is very resource-intensive. The approach 97 
also requires measurements of low winds close to the ground where the highest 98 
concentrations occur. This is also difficult to perform experimentally. To calculate 99 
emission factors it is often necessary to make assumptions about the behavior of the 100 
concentrations and wind velocities near the ground. For example, Cowherd and 101 
Englehart10 assumed that the flux at the ground was equal to that at 1m.  102 
The second method of inferring emissions involves fitting a dispersion model to a 103 
small set of concentration measurements. The accuracy of the method depends upon 104 
information on wind speed, release height, and vertical plume spread, and a physically 105 
realistic dispersion model applicable to surface releases. Some of these parameters must 106 
be estimated for emissions due to vehicles. To avoid the problem of the wind speed being 107 
zero at the surface, a release height can be chosen at which the velocity is specified. 108 
Independent measurements of emission rates are needed to estimate the uncertainty of 109 
this technique. 110 
The objective of this work was to develop a new method that could measure PM 111 
emissions from paved roads in real time by equipping a vehicle with real-time particulate 112 
matter analyzers. The approach has been designated as SCAMPER: System for the 113 
Continuous Aerosol Measurement of Particulate Emissions from Roads. While the 114 
general approach is similar to the TRAKER reported by Etyemezian et al.14, there is a 115 
basic difference in sampling position that allows the emission rate to be estimated from 116 
the plume dimensions immediately behind the vehicle without performing the upwind-117 
downwind measurements that are necessary to calibrate the TRAKER system that 118 
samples in the vehicle’s wheel well.  A method based on the SCAMPER has been 119 
reported by Mathissen et al.15. They characterized the plume using a gaseous tracer and a 120 
diffusr to correct for non-isokinetic sampling. 121 
 In our approach we made measurements in the wake region directly behind a 122 
moving vehicle. An advantage of this approach is that concentrations are expected to be 123 
higher directly behind a vehicle compared to a position far enough from the roadway to 124 
safely collect samples. Our observations of visible dust plumes from vehicles traveling on 125 
unpaved roads showed that a plume does not disperse appreciably for several car lengths. 126 
In previous studies, we and others have estimated the lower limit PM10 emission rate of 127 
0.1g /VKT (vehicle kilometer traveled) on high-speed, high-traffic-count paved roads. 128 
Using this emission rate, the plume from the wake directly behind a typical vehicle would 129 
have a concentration of approximately 25 g/m3. Given this low plume concentration, 130 
ambient background, and subsequent dispersion, it is understandable why downwind PM 131 
measurements are typically only several g/m3 higher than upwind. 132 
 An additional advantage to sampling directly behind the vehicle is that dispersion 133 
modeling was not needed since the monitoring was done before any significant dispersion 134 
has occurred. We characterized the PM distribution within the wake of the vehicle and 135 
used these data to determine the emission rate in g/VKT by multiplying the net PM 136 
concentration by the wake area. 137 
 Our method is also based on a real-time measurement method with an analyzer 138 
measuring optical scattering. While these instruments do not directly measure mass 139 
concentration and the response is dependent on the particle size distribution, their 140 
measurements have been found to be highly correlated with those of filter collection/mass 141 
determination.15 These instruments are generally more sensitive than mass-based methods 142 
and allow for collection of a large amount of real-time data and provide immediate 143 
feedback to guide experimental procedures. The use of a real-time analyzer greatly 144 
simplified the determination of the PM distribution within the wake behind the vehicle. 145 
Combining the real-time measurements on a moving vehicle also gave the advantage of 146 
being able to rapidly collect data over a wide variety of vehicle operating parameters and 147 
road types. 148 
 The instrument we used was the DustTrak model 8520 Aerosol Monitor 149 
manufactured by TSI Incorporated (Shoreview, MN). This instrument is battery-operated 150 
and has a resolution of 1 g/m3 with a time constant of 1 second. It has interchangeable 151 
nozzles for either PM2.5 or PM10 measurements. DustTraks have been used in a number of 152 
published measurements of fugitive PM emissions.11,14,16,17 153 
 154 
2. Materials and methods 155 
The SCAMPER development was divided into three phases. The first involved the design 156 
and construction of an isokinetic sampling probe, the second was characterization of the 157 
PM distribution in a vehicle’s wake, and the third was the measurement of PM emission 158 
rates on a variety of roads and driving conditions for comparison with results calculated 159 
from AP-42 default emission rates based on measured silt loadings. 160 
 161 
2.1 Isokinetic Sampling Inlet 162 
Collecting particulate samples from a moving vehicle required designing an inlet that 163 
would provide, as much as possible, isokinetic sampling at all speeds. Figure 1 shows the 164 
design of the inlet, and Figure 2 is a detailed drawing of the flow-splitting section. Metal 165 
tubing is used to connect the sample inlet to one end of a hollow cylindrical filter and 166 
from the other end to the DustTrak (the sampled air is not filtered, but travels from one 167 
end of the hollow cylinder to the other). To slow the flow to the sample flow rate of the 168 
DustTrak without creating a virtual impactor, excess air is pulled through the outside of 169 
the cylindrical filter with a vacuum pump that maintains the bulk air speed at the inlet 170 
equal to the speed of the air going past the inlet. The flow rate of the vacuum pump is 171 
adjusted by the data logger to produce a reading of zero pressure on the gauge. When the 172 
pressure equals zero, there is no pressure drop from the probe inlet to the tubing that 173 
leads to the DustTrak. This condition creates a no-pressure-drop inlet; therefore the 174 
sampled airstream has the same velocity as the ambient airstream. The outputs of the 175 
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Figure 1. Schematic diagram of the isokinetic sampling probe. 179 
 180 
Figure 2. Detail of the flow splitting section of the isokinetic sampling probe. 181 
 182 
2.2 Characterization of the vehicle wake and sampling point optimization 183 
 184 
To determine a representative sampling position in the vehicle wake, the PM 185 
concentrations in the vehicle wake were measured at a variety of locations behind a 186 
moving vehicle under controlled conditions. A rectangular frame (2m wide and 2m high) 187 
was constructed on a small trailer to hold sampling inlets at various positions within the 188 
frame. The DustTraks, inlet pumps, and data logger were mounted in plastic boxes 189 
strapped to the trailer.  190 
 191 
Metal-impregnated ¼ inch OD plastic tubing (Bev-A-Line XX tubing, Thermoplastic 192 
Processes, Inc., Warren, NJ) was used to transport air samples from the isokinetic 193 
sampling probe to the DustTrak. The metal impregnation of the tubing reduced static 194 
charges on the tubing for greater particle penetration. In addition, the shortest possible 195 
lengths of tubing were used. The trailer, frame, and associated components were designed 196 
to minimize the aerodynamic influence of the trailer with respect to the vehicle’s wake. 197 
The trailer was equipped with a 6 m adjustable tongue to vary the distance of the 198 
sampling array from 1.4 to 5.9 m behind the tow vehicle, a 1995 Chevrolet Suburban.  199 
Wake characterization experiments were performed on Seminole Drive in Cabazon, CA, 200 
a seldom-traveled 2.4 kilometer long road that ran parallel to Interstate 10. Run speeds 201 
were varied from 32 and 96 km/hr in increments of 16 km/hr. The surface of the road was 202 
well-weathered asphalt pavement and contained sufficient loading of fine debris to obtain 203 
adequate DustTrak responses. 204 
 205 
Figure 3 shows five representative sampling positions 4.3 m behind the rear bumper 206 
using three DustTraks to determine the wake PM concentration characteristics. The 207 
reference sampling position was on the vehicle centerline 0.78 m above the ground and 208 
was used for all testing.  The inlet for second DustTrak sampling on the centerline was 209 
located either 1.98 or 2.59 m above the ground.  A third DustTrak sampled 1.22 m left of 210 
the centerline at heights of either 1.98 or 2.59 m above the ground. Due to safety 211 
concerns we did not extend probes farther than 1.22 m from the centerline. 212 
 213 
Figure 3. Schematic diagram of the sampling configuration for vehicle wake PM 214 
characterization. 215 
 216 
Based on visual screening of plumes on unpaved roads, the reference probe should be 217 
located in a high PM10 concentration area. The elevation 1.98 m above the ground is near 218 
the vehicle’s roofline height. As observed on the unpaved roads, this is the approximate 219 
height of the visual plume. The position 1.22 m from the centerline places the probe 220 
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plume’s visually observed lateral boundary. These test positions should therefore outline 222 
the visual PM wake of the vehicle.  223 
 224 
2.3 Measurements of roadway PM10 emission rates 225 
Field measurements were conducted by repeatedly sampling over three test routes in 226 
North Las Vegas and Las Vegas, NV using the tow vehicle described in the previous 227 
section. Silt sampling was conducted at seven locations during the test runs.  228 
 229 
The first one, Loop A, was a short loop (4.5 km long, requiring approximately five 230 
minutes to drive) of a roadway heavily impacted with trackout and soil hauling trucks. 231 
This loop, shown in Figure 4, was expected to have values well above the detection limit 232 
most of the time in order that sampling precision could be determined. The roads were 233 
lightly-traveled which made it possible to maintain consistent speeds for each test. Figure 234 
4 also shows the approximate speeds as a function of location for a typical test run. This 235 
loop was expected to be a worst-case scenario for precision as the deposits and traffic on 236 
the road were highly variable, and significant dust was generated by vehicles in front. Silt 237 
sampling was conducted on Gowan Road, a collector road (500-5,000 vehicles/day), as 238 























Figure 4. Loop A 4.5 km Test Route 259 
The second test loop, Loop B, shown in Figure 5, was also chosen to have significant 260 
impacts from construction activities. The loop was 11.7 km long and required 20-25 261 
minutes to traverse. The loop contained arterial, collector, and local classes of roadways. 262 
Figure 5 also shows locations where silt sampling and traffic counts were conducted. Silt 263 
sampling sites included local (<500 vehicles/day), collector (500-5,000 vehicles/day) and 264 
















Figure 5. Loop B Test Route 281 
 282 
The third test loop, Loop C, shown in Figure 6, was chosen to be typical of fully- 283 
developed areas in which trackout is light or non-noticeable. This loop was 20.2 km long 284 
and required 25-30 minutes to complete. The loop contained arterial, collector, and local 285 
classes of roadways. Silt sampling and traffic counts were conducted at the locations 286 





















Figure 6 Loop C Test Route 305 
 306 
All sampling was conducted at speeds consistent with the flow of traffic and with safety 307 
considerations for towing the sampling trailer. Local agencies were responsible to ensure 308 
that no street sweeping was performed during or at least three days before the days that 309 
tests were conducted.   310 
 311 
The front DustTrak sampling position (reference) was on the centerline 0.43 m in front of 312 
the hood of the tow vehicle and 1.07 m from the ground. The rear position was on a 313 
trailer 0.76 m from the ground and 4.25 m from the rear of the Chevrolet Suburban test 314 
vehicle and located on its centerline. A Campbell CR10X data logger was used to collect 315 
all data at intervals of two seconds and operate the isokinetic sampling probes used with 316 
both DustTraks. It also collected speed and location data from a Garmin (Olathe KS) 317 





3. Results and discussion 321 
3.1 Data quality 322 
This section describes the overall quality of data that the DustTraks provide and some of 323 
the corrective actions that were undertaken to improve the data quality. 324 
3.1.1 DustTrak Averaging Time.  The DustTrak updates at one hertz. Data from a pair of 325 
collocated DustTraks were collected at two-second intervals. The correlation coefficients 326 
squared between the two analyzers were always much less than 0.5. When the data are 327 
compared as 10-second running averages, the correlation coefficients squared were 328 
generally higher than 0.8. Approximately 10-second averaging times were therefore 329 
necessary for the DustTraks to provide equivalent data.  330 
 331 
3.1.2 Uncertainty.  To evaluate measurement uncertainty the coefficient of variation (CV) 332 
of the difference between the PM10 measured by the collocated samplers was 333 
characterized. We calculated the mean and standard deviation of the percent absolute 334 
difference between the three samplers in all combinations 2-1, 3-1, and 3-2. The CV’s for 335 
the vehicle wake characterization component were 0.8% and 7.1% when characterizing 336 
roadway emissions. 337 
3.1.3 Evaluation of PM10 Losses in the Sampling Line.  It was necessary to use sampling 338 
lines ranging in length from 1 to 3 m to change positions during the on-board wake 339 
characterization. To evaluate losses of particles within the sampling lines, three 340 
DustTraks equipped with PM10 inlets were collocated and sampled ambient air for two 341 
hours, alternating 10 minutes without tubing and 10 minutes with tubing 1.70 m long. 342 
Data were collected as 30-second averages. Based on the means, the tubing caused a loss 343 
of PM10 ranging from 21 to 29 percent depending on which DustTrak was evaluated. In 344 
addition, the data sets for each DustTrak were compared with and without the tubing 345 
using the Wilcoxan18 non-parametric ranking test. For all three DustTraks the without- 346 
tubing and with-tubine data sets were shown to not be equivalent at the p < 0.05 level. 347 
The loss of PM10 due to the tubing, therefore, is significant, but nearly equal among the 348 
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three lines. No corrections were therefore made since the tubing was only used for the 349 
wake characterization tests in which the relative responses were compared. 350 
 351 
3.2 Wake Characterization 352 
The objective of the wake characterization was to determine the following: 353 
• The homogeneity of the PM within the vehicle’s wake with respect to the 354 
vehicle’s speed. 355 
• The vertical and horizontal extent of the plume as a function of vehicle speed. 356 
• The appropriate sampling position. 357 
 358 
The three DustTraks were collocated during the characterization of the vehicle wake. 359 
Identical lengths of the anti-static tubing were used from each sampling point to the 360 
DustTraks’ inlets. Collocated data from DustTrak #2 and #3 were plotted against 361 
DustTrak #1, and least-squares regression analyses were performed. To improve the 362 
comparability, data from DustTraks #2 and #3 were normalized to #1. 363 
 364 
For actual testing, the tubing was manually interfaced to the DustTrak to obtain 365 
sequential samples at each test point. Figures 7 and 8 summarize data from several test 366 
runs. 367 





























Figure 7. PM10 concentrations while towing the test trailer in configuration 1. 370 
 371 
 372 
Figure 8. PM10 concentrations while towing the test trailer in configuration 2. 373 
 374 
These figures show that the PM10 concentrations for this roadway were well within the 375 
detection limit of the DustTraks. This was expected since we were sampling directly in 376 
the plume of the vehicle and the chosen roadway was little-traveled and weathered. These 377 
plots also show a significant increase in concentration as the speed increases. 378 
 379 
The PM10 concentration of the plume clearly drops at the centerline sampling point near 380 
the top of the tow vehicle and drops further at the sampling point above the top. At the 381 
centerline 1.98 m high sampling point the overall average ratio (averaged over all speeds) 382 
of PM10 concentration to that of the reference point at 0.78 m was 0.45 whereas at the 383 
2.59 m high center sampling point the ratio was 0.31. 384 
 385 
The PM10 concentration drops rapidly when sampling just beyond the horizontal edge of 386 
the 2 m wide tow vehicle (1.22 m from the centerline). The overall ratio of PM10 387 
concentrations at the sampling point 1.22 m to the left of the centerline at a height of 388 
1.98m (averaged over all speeds) compared to the reference point were 0.12 and 0.14 for 389 
these two test run examples. 390 
 391 
These typical data show that, at the 4.25 m sampled distance, the plume is confined 392 
primarily within the frontal area of the tow vehicle. We therefore chose, for roadway 393 
emission measurements a sampling probe on the centerline of the test vehicle located 394 
4.25m behind the rear bumper and 0.78m above the ground. This was the location of 395 
highest PM10 concentrations behind the vehicle, and should approximately represent the 396 
mean concentration within the wake since the drop in concentration with height within 397 
the frontal area of the vehicle is somewhat compensated by the PM10 concentrations 398 
outside the frontal area. While a more robust measurement of PM10 concentrations within 399 
the wake might be desirable when performing roadway emission measurements, this was 400 
not justified by the inherent concentration variability when generating these dust plumes. 401 
This single sampling position supported the primary goal of comparing these PM10 402 
emission rates with those determined by silt sampling. 403 
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 404 
Similar wake characterization results were reported by Mathissen et al.15 using NO as a 405 
tracer gas with 22 sampling positions 1.8 and 4 m behind a tow vehicle. They assumed 406 
that the tracer gas release positions would simulate the resuspension process and that the 407 
gas would disperse the same way as resuspended particles. Their optimum sampling 408 
height was determined to be 0.65m for a slightly lower tow vehicle. 409 
 410 
3.3 PM10 emission measurements on various road types and comparison with the AP-42 equation 411 
for segment in which silt sampling was conducted. 412 
 413 
Tests were conducted over seven days in early November 2005 when no rain occurred; 414 
the most recent measurable antecedent rain occurred on October 25. Table 1 summarizes 415 
the number of test runs that were conducted on each route along with the average PM10 416 
emission rate and standard deviation of this average. The DustTrak values were zero- 417 
corrected, and 5-second medians and running averages were calculated.  418 
 419 
Since the DustTrak is an optical method of measuring PM10, the values are dependent on 420 
the size distribution and index of refraction of the PM being measured. It was therefore 421 
necessary to calibrate the response to PM10 determined by mass measurement in order to 422 
be equivalent to the EPA reference method upon which the AP-42 equation is based. One 423 
approach was to collect filter samples using an EPA approved PM10 inlet collocated with 424 
the rear DustTrak.  A Graseby-Andersen model 246B (Smyrna, GA) inlet was used, but 425 
modified so that the inlet attaches directly to a 47mm filter holder during test runs. Since 426 
this inlet was designed for stationary use, it may not sample isokinetically at the higher 427 
highway speeds. To collect sufficient sample for accurate weighing, one sample was 428 
collected each day. The 47mm Gelman Teflo filters were equilibrated to 70ºF and 45% 429 
RH prior to weighing. The average DustTrak PM10 was calculated for the intervals in 430 
which the filters were collected. Plotting the seven data points from the filters versus the 431 
averaged DustTrak values showed significant scatter and resulted in a slope of 1.25 with 432 
an R2 of 0.83. This is a lower correction factor than the slope of 2.4 (R2 0.84) reported by 433 
Langston et al19 when Las Vegas road dust was suspended in a chamber and sampled 434 
with filters while collecting measurements from a DustTrak. Although both correction 435 
factors have their limitations, the DustTrak data reported here were multiplied by the 1.25 436 
correction factor.  437 
 438 
The road PM emission factor was determined by subtracting the concentrations measured 439 
by the front DustTrak from that of the one mounted in the trailer. Data were excluded 440 
when the test vehicle speed was less than 15 km/hr. since one would not expect a well-441 
developed plume under these low speed conditions. These net PM concentrations were 442 
multiplied by 3.3 m2, the approximate frontal area of the tow vehicle, to estimate the 443 
emission rate in mg/m. 444 
445 






















Day # Laps mg/m mg/m # Laps mg/m mg/m # Laps mg/m mg/m 
1 20 0.52 0.19 2 0.71 NA 1 0.015 NA 
2 
      
9 0.029 0.008 
3 
   
15 0.68 0.21 
   
4 
   
16 0.35 0.09 
   
5 
   
17 0.45 0.13 
   
6 
   
18 1.07 0.24 
   
7 
      
6 0.034 0.034 
 447 
Table 1. Summary of conducted roadway tests and determined PM emission rates. 448 
 449 
Figure 9 shows a time series of the test runs for Loop A conducted on day 1. The PM10 450 
emission rates are highly variable, a result that is consistent with the construction 451 
activities being performed along the route. The emission pattern with location, however, 452 
is accurately replicated from run-to-run. This is also shown by the overall relative 453 
variability from test run to test run being 37%, which given the variation of traffic and 454 
observed dust production showed that the measurements were quite reproducible. 455 
 456 
The PM10 emission rate was also calculated for specific segments where silt sampling 457 
was conducted. For test loop A the entire section of Gowan Road was defined the 458 
segment. The mean PM10 emission rate for all traverses was 0.94 mg/m with a standard 459 
deviation of 0.46 mg/m.    460 
 461 
Figure 9. Time series PM10 emission rates for Loop A on Day 1.  462 
 463 
Figure 10 shows a time series of the test runs for Loop B conducted on day 6. The PM10 464 
emission rates are highly variable as expected. The patterns of the emission rates are 465 
again quite reproducible from run-to-run. While the averaged PM10 emission rates were 466 
similar to Loop A, the peak rates were much higher. This may be due to either greater 467 
impact from construction activities or greater speeds obtained on this mix of roadway 468 
types. 469 
As shown in Table 1, the overall relative variability ranged from 23-30%.  Days 4 and 5 470 
were weekend days and emissions were significantly lower by almost a factor of two. 471 
The jump in emission rate from Sunday to Monday was particularly striking. The average 472 
speed was consistent at 46 km/h for all four days. This change indicates the impact of 473 
construction activities on emissions during the week days. 474 
 475 
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The mean PM10 emission rates were calculated for each of the three segments for which 476 
silt sampling was conducted. The following overall average (all days) emission rate 477 
results were obtained: 478 
 479 
Emerald Stone and Sapphire Light:  average: 2.20 mg/m; standard deviation: 1.18 mg/m 480 
Lone Mountain and Losee: average: 0.43 mg/m; standard deviation: 0.68 mg/m 481 




Figure 10. Time series PM10 emission rates for Loop B on Day 6. 486 
 487 
 488 
Figure 11 shows time series plots of the emission rates for loop C on day 2. The average 489 
PM10 emission rate was 0.027 mg/m, about a factor of twenty less than the other two 490 
loops that were chosen for high potential PM10 emission rates. Despite these much lower 491 
rates, the relative variability was 30%, consistent with values obtained from the other two 492 
loops. All the mean loop speeds were consistently 50 km/h.   493 
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 494 
The mean PM10 emission rates were calculated for each of the three segments for which 495 
silt sampling was conducted. The following average (all days) PM10 emission rates were 496 
obtained: 497 
Crestdale and Hillpointe: mean = 0.04 mg/m; standard deviation = 0.07 mg/m 498 
Banbury Cross and Crestdale: mean = 0.02 mg/m; standard deviation = 0.02 mg/m 499 
Aspen Glow and Warm Walnut: mean = 0.17 mg/m; standard deviation = 0.0.10 mg/m 500 
 501 
An emission factor of 0.02 mg/km represents a net concentration difference of only 0.005 502 
mg/m3, which is near the detection limit of the DustTrak. The conclusion is that 503 
comparison of emission rates with silt sampling on “clean” portions of roads will 504 
generally be near the SCAMPER detection limit and therefore will produce data with 505 
lower confidence limits. 506 
 507 
Figure 11. Time series PM10 emission rates for Loop C on Day 2 508 
 509 
Figure 12 is a plot of the emission factors calculated from AP-42 silt sampling compared 510 
with that of the average value obtained from the SCAMPER (using the mass correction 511 
factor of 1.25) for the seven segments of roads where the silt sampling was conducted. 512 
The R2 value from the least-squares regression is 0.90, and the slope is 0.60, indicating 513 
that the SCAMPER emission rates are somewhat lower than those derived from silt 514 
sampling. The least-square regression line, however, is considerably influenced by a 515 
single high emission location (Emerald Stone and Sapphire Light). The primary 516 
conclusion is that SCAMPER and AP-42 emission rates are generally correlated as well 517 







Figure 12. Comparison of PM10 emission rates determined by AP-42 silt sampling and 525 
the average segment values obtained with the SCAMPER. 526 
 527 
3.4 Discussion 528 
Due to the variability of on-road emissions and the difficultly in accurately measuring 529 
them there is a wide variation in results within various studies and between them. The 530 
AP-42 PM10 paved roadway emissions factor equation has been revised several times 531 
based on additional studies and review of the data quality of all of the studies performed9. 532 
 533 
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AP-42 currently recommends collecting site-specific data for silt loading, since the 534 
loading depends on many uncontrolled variables. In absence of site-specific data, AP-42 535 
suggests four default silt loadings depending on the daily traffic count, but warns that 536 
these are “order of magnitude” values. The silt loading sites used in this study ranged 537 
from arterial to local roads and measured silt loadings ranged from 0.03-4.2 g/m2. The 538 
corresponding AP-42 default values ranged from 0.06-0.6 g/m2.  The high value of 4.2 539 
g/m2 was located on a road with significant impact from construction activities and would 540 
be better compared with the AP-42 default value of 2 mg/m2 for roads upon which anti-541 
skid abrasive material had been applied. The measured silt loading values were therefore 542 
well within the AP-42 default values. 543 
 544 
4. Conclusion 545 
Real-time measurements in front of and behind a vehicle were found to be a useful 546 
method to characterize PM10 emission rates from paved roads that correlated well with 547 
the AP-42 silt sampling method. Unlike the upwind-downwind approach, a significant 548 
concentration differential was measured. The emission rate could also be calculated 549 
without applying modeling techniques, and calibration using an upwind-downwind 550 
approach that is time-consuming and likely to have high uncertainty. Sampling behind a  551 
vehicle in the geometric center of the frontal area, unlike within a vehicle’s wheel well, 552 
would also allow easy switching among vehicles without the need for calibration due to 553 
changes in wheel well flow characteristics and sampling probe location. This would 554 
allow a variety of vehicles to be tested to more accurately determine the PM10 emission 555 
rates of roadways. An added advantage of this sampling location is that sample dilution is 556 
not required to avoid coincidence effects of the optical measurement technique. The 557 
concentrations encountered are expected to be well within the sensor’s capability, even 558 
on unpaved roads. 559 
 560 
 We therefore believe that this approach is more accurate than the upwind-downwind 561 
approaches used in the past, is comparable to the AP-42 method, and also allows the 562 
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